Purpose: Minimally invasive gastrectomy (MIG), including laparoscopic distal subtotal gastrectomy (LDG) and robotic distal subtotal gastrectomy (RDG), is performed for gastric cancer, and requires a learning period. However, there are few reports regarding MIG by a beginner surgeon trained in MIG for gastric cancer during surgical residency and fellowship. The aim of this study was to report our initial experience with MIG, LDG, and RDG by a trained beginner surgeon. Materials and Methods: Between January 2014 and February 2015, a total of 36 patients (20 LDGs and 16 RDGs) underwent MIG by a beginner surgeon during the learning period, and 13 underwent open distal subtotal gastrectomy (ODG) by an experienced surgeon in Bundang CHA Medical Center. Demographic characteristics, operative findings, and short-term outcomes were evaluated for the groups. Results: MIG was safely performed without open conversion in all patients and there was no mortality in either group. There was no significant difference between the groups in demographic factors except for body mass index. There were significant differences in extent of lymph node dissection (LND) (D2 LND: ODG 8.3% vs. MIG 55.6%, P=0.004) and mean operative time (ODG 178.8 minutes vs. MIG 254.7 minutes, P<0.001). The serial changes in postoperative hemoglobin level (P=0.464) and white blood cell count (P=0.644) did not show significant differences between the groups. There were no significant differences in morbidity. Conclusions: This study showed that the operative and short-term outcomes of MIG for gastric cancer by a trained beginner surgeon were comparable with those of ODG performed by an experienced surgeon.
Introduction
For the treatment of gastric cancer, minimally invasive gastrectomy (MIG) is technically feasible and safe, especially for early gastric cancer. 1, 2 Recently, excellent postoperative shortterm outcomes of laparoscopic gastrectomy and robotic gastrectomy have been reported in prospective, multicenter studies. In addition, acceptable oncologic outcomes of laparoscopic gastrectomy for gastric cancer in a retrospective, multicenter study have been confirmed. 3, 4 Thus, MIG (laparoscopic or robotic) is now regarded as one of the standard treatments for early gastric cancer, [5] [6] [7] [8] and is being performed in more institutions.
Laparoscopic gastrectomy has a steep learning curve. While the procedure can be performed successfully in the early learning period, it is known that robotic gastrectomy can more easily be learned by surgeons with experience in laparoscopic gastrectomy. 9 However, these were well-trained gastric surgeons who Materials and Methods
Patients
We retrospectively reviewed a database of gastric cancer patients treated since January 2014 at CHA Bundang Medi- 
Variables
The demographic characteristics and operative findings, in- 
Surgical methods
The extent of gastric wall resection (total or distal subtotal gastrectomy) was determined according to the location of the tumor and the extent of LND; D1+ or D2 was performed according to the Japanese gastric cancer treatment guidelines. 5 The surgical techniques for the robotic and laparoscopic gastrectomies with LND are similar in detail, as previously reported. [12] [13] [14] [15] Reconstructions were performed with gastroduodenostomy, gastrojejunostomy with or without Braun anastomosis, or Rouxen-Y gastrojejunostomy, based on the tumor location for distal subtotal gastrectomy. The da Vinci Si System (Intuitive Surgical Inc., Sunnyvale, CA, USA) was used in all robotic gastrectomies.
1) Laparoscopic distal subtotal gastrectomy
The patient was placed in reverse Trendelenburg position and 5 ports (3, 12-mm and 2, 5-mm ports) were inserted into the upper abdomen. After trocar insertions, liver traction was performed using the sling method with gauze and Prolene 2-0. Cadiere forceps in the 3rd arm. The surgery begins with liver retraction; detailed procedures and intracorporeal reconstruction are the same as described above for LDG, except for gastrojejunostomy. When performing gastrojejunostomy, the 8-mm port for the 2nd robotic arm is changed to a 12-mm port for stapling.
After gastrojejunostomy, an 8-mm robotic cannula is inserted into the 12-mm port, trocar-in-trocar fashion, to proceed after gastrojejunostomy. 
Statistical analysis

Results
The demographic characteristics of the enrolled patients in ODG and MIG groups are summarized in Table 1 in the RDG group than in the ODG and LDG groups (P=0.023).
The operative findings and the pathologic results are summarized in Table 2 . There was no significant difference between ODG and MIG groups for tumor location, tumor size, and resection margin. The mean of total retrieved lymph nodes was 41.6 in ODG and 41.8 in MIG and was not significantly different between the groups (P=0.963), even though the MIG group had a higher proportion of D2 LND than the ODG group (P=0.004).
For patients who underwent D1+ LND, total retrieved lymph nodes in MIG were 34.5 on average, and more than 15 lymph nodes were retrieved in all MIG patients. For patients who underwent D2 LND, total retrieved lymph nodes in MIG were 47.7
on average, and more than 25 lymph nodes were retrieved in all MIG patients. There were no differences in reconstruction after The operative short-term outcomes are summarized in Table   3 . The mean operative time for MIG was about one and one half hours longer than that for ODG (254.7±51.5 minutes vs. 178. 001, Fig 1. ). However, the curves for both groups were similar and did not cross; thus, the changes in WBC counts in the perioperative period were not statistically significant between groups (P=0.644) over time, compared with the changes in individual patients, as shown in Fig. 1 . The changes in WBC counts over time in the perioperative period were not significantly different in comparisons of ODG, LDG, and RDG groups (P=0.780). There was no significant difference in time to soft diet and hospital stay between the groups. Postoperative complications greater than grade III did not developed in either group; there was no significant difference between ODG and MIG groups (P=0.527), and there was no postoperative mortality within 30 days after surgery in either group. Two LDG patients were readmitted within 6 months after surgery due to delayed gastric emptying and dumping syndrome with severe postprandial diarrhea.
Discussion
In our study, we simultaneously started performing laparoscopic gastrectomy and robotic gastrectomy for gastric cancer; these were performed successfully in terms of operative time, total retrieved lymph nodes, postoperative changes in Hb level and WBC counts, and postoperative morbidity.
Complete LND of the perigastric and extraperigastric area during gastrectomy for gastric cancer must be meticulous around the major vessels, which is stressful in a conventional laparoscopic environment. Thus, it has been suggested that performance of at least 50 cases is needed to overcome the learning curve for laparoscopic gastrectomy with only limited LND; surgeons must acquire experience from far more than 50 cases to be proficient in performing laparoscopic gastrectomy with D2 LND. 18 Accordingly, surgeons at low-volume hospitals, where gastric cancer surgery is not frequently performed, may have difficulty in becoming proficient in laparoscopic gastrectomy.
Meanwhile, robotic surgical systems provide ambidextrous tremor-filtered bidirectional dissection around complex vascular structures that is more thorough and precise, reducing the possibility of injury to vessels or the pancreas. 12 Moreover, the use of wristed instruments via robotic arms aids in the approach to and traction of the stomach and pancreas, as well as proper and stable exposure of the peripancreatic area; in addition, these procedures are performed on a stable camera platform. Thus, robotic gastrectomy exhibits a shorter learning curve than that for laparoscopic gastrectomy, 19 and with its mechanical superiority has been adopted as an alternative approach for gastrectomy in gastric cancer. However, robotic gastrectomy is expensive and the robot is not always available, unlike laparoscopic equipment, especially at low-volume centers. Some investigators showed that experience with laparoscopic surgery could affect the learning process for robotic gastrectomy; an experienced laparoscopic surgeon requires fewer cases of robotic gastrectomy to reach a steady state. 9 In our institution, 60 to 80 cases of gastrectomy for gastric cancer are performed annually; these were insufficient to overcome the learning curves of MIG including LDG and RDG, even though our institution is not a low-volume center by definition.
In our initial experience, LDG and RDG can be performed safely for gastric cancer, although cases in each group in our study were too few to evaluate the learning curve; in addition, the follow-up period was insufficient to estimate long-term results.
Even though the number of cases was small, surgical outcomes after robotic gastrectomy were acceptable in the initial period compared to laparoscopic gastrectomy. In order to overcome the learning curve in a shorter time, a surgeon should be trained by surgical teams and review videos of surgical procedures. A surgeon should also have experience as a first assistant in more than 100 cases of laparoscopic and robotic gastrectomy, even though the experience was not as an operator. 20, 21 With these measures,
we successfully performed MIG; we retrieved a mean number of 39.9 lymph nodes in LDG and 44.3 in RDG, similar to the 39. 9 retrieved in open gastrectomy, and the more than 31.5 retrieved in laparoscopic gastrectomy in a large-scale, case-control and case-matched Korean multicenter study. 3 In a meta-analysis of laparoscopic distal gastrectomies with D2 LND, a mean total of 28 to 49 lymph nodes were reportedly retrieved, 22 which was comparable with our results, because our study included D1+
and D2 LND.
We observed no Clavien-Dindo grade III and IV postoperative complications after LDG and RDG. Although we should be aware of biases regarding the clinicopathological differences between this study and published data, our complication rates (15.0% in LDG and 12.5% in RDG) were acceptable when compared with published data. 3, 22 However, the most notable finding of this study was the operative time for the MIG group, which was about one and one half hours longer on average. In spite of this, there was no significant difference in intraoperative blood loss, postoperative decrease in the level of Hb, or postoperative inflammatory response as shown by changes in WBC counts.
Moreover, postoperative progress assessed by days to diet start, hospital stay, and complications was not significantly different between the groups; thus, a longer operative time for MIG is within acceptable limits.
In conclusion, we report our initial experience with MIG for gastric cancer compared with operations by an experienced surgeon in the same institution. The operative and short-term outcomes with MIG performed by a beginner surgeon were acceptable during the early learning period.
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